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AN APPARATUS FOR r.l EANjNG OF A QA& 

The present invention relates to an apparatus for cleaning of a gas 
ParUcularly, the invention concerns an apparatus of this kind comprising 

- a housing, which delimits a separation chamber having a gas inlet for 
gas to be cleaned and a gas outlet for cleaned gas, 

- a centrifugal rotor, which is arranged to rotate about a substantially 
vertical rotational axis in the separation chamber and to entrain 
in its rotation gas to be cleaned, 

- a drive shaft for rotation of the centrifugal rotor, which drive shaft 
extends downwardly from the centrifugal rotor through a bottom of the 
separation chamber and into a drive chamber situated below said bottom • 
and ' 

- a driving device for rotation of the drive shaft and thereby the centrifugal 
rotor, said driving device being arranged to generate one or more sprays 
of a liquid in the drive chamber for a accomplishing said rotation of the 
drive shaft. 

An apparatus of this kind, described in the Swedish Patent Application 
No, 0202622.7, may be used for instance for cleaning of crankcase gas 
commg from an internal combustion engine. The centrifugal rotor may be 
dnven for instance by means of pressurized lubricant coming from the 
same combustion engine, and the driving device may comprise a turbine 
member, which is supported by the drive shaft in the drive chamber and 
25 a spray device, which is arranged to spray a liquid against the turbine 

member in the drive chamber for rotation of the drive shaft and thereby • 
the centrifugal rotor. 

For avoiding that pressurized liquid upon operation of an apparatus of this 
30 k,nd would unintentionally pass upwardly along the drive shaft from the 
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drive chamber to the separation chamber and thereby deteriorate gas 
having been cleaned in the separation chamber but having not yet left it, 
a sealing device has to be arranged between the drive shaft and said 
bottom, through which the drive shaft extends. It has proved difficult, 
5 however, to get a sealing device to prevent completely transfer of liquid 
from the drive chamber to the separation chamber, particularly if a 
bearing is to be arranged between the drive shaft and said bottom. 

The main object of the present invention is to provide a construction for 
1 0 an apparatus of the kind defined initially, by means of which unintentional 
transfer of pressurized driving liquid from the drive chamber to the 
separation chamber may be avoided without any sealing member having 
to be arranged in contact with both the rotatable drive shaft and the non- 
rotatable bottom of the separation chamber. One further object of the 
15 invention is that unintended liquid transfer of this kind should be avoided 
even after a sealing member of the just mentioned kind has in fact been 
used but been worn, so that it leaves as slot between the bottom of the 
separation chamber and the rotatable drive shaft. 

20 These objects may be obtained according to the invention in a way such 
that said bottom delimits a drainage chamber in an area, in which the 
drive shaft extends through the bottom, the drainage chamber being 
situated so that it will receive liquid unintentionally flowing upwardly from 
the drive chamber along the drive shaft, and that the drainage chamber 

25 has a liquid outlet for draining of liquid. 

The drainage chamber may be formed in different ways by said bottom. 
Thus, the bottom may be formed in one piece by molding in a way s.uch 
that it surrounds the drive shaft at a relatively small distance therefrom in 
30 two areas axially spaced from each other, but between these areas 
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surrounds the drive shaft at a larger distance therefrom. However, 
according to a preferred embodiment of the invention said bottom 
comprises an upper wall and a lower wall, said draining chamber being 
delimited between the upper wall and the lower wall. 

If a bearing is to be arranged between the drive shaft and said bottom, it 
is suitably arranged between the drive shaft and said lower wall. 

The need of the present invention in an apparatus of the kind here in 
question is caused by the fact that the liquid used for driving of the 
centrifugal rotor is split to a large degree and forms together with air that 
is present a mist in the drive chamber. If a turbine member of the kind 
shown in SE 0202622.7 is used for the driving, particularly much liquid 
splash and mist will come up in the area where the drive shaft extends 
through said bottom. In an apparatus formed according to the invention 
liquid drops, which despite use of a sealing device are transferred from 
the drive chamber to the drainage chamber, will deposit on the walls of 
the latter and will coalesce there to a continuous liquid phase. Possibly, 
the drive shaft may carry an annular flange or the like in the drainage 
chamber, arranged to throw away from the drive shaft by its rotation liquid 
that is creeping upwards along the drive shaft. 



Since a liquid mist is constantly present in the drive chamber during the 
operation of the apparatus, liquid should if possible be drained of from the 
25 drainage chamber to another space than the drive chamber. However, it 
may be possible to return liquid from the drainage chamber to a part of 
the drive chamber which is situated at a substantial distance from the 
turbine member, where the liquid mist is not too dense. By advantage the 
liquid may be returned to the lower part of the drive chamber, which 
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constantly contains a volume of liquid, i.e. at a level below a liquid 
surface. 



If, as in connection with cleaning of crankcase gas, at least part of the 
particles from which the gas should be freed by means of the centrifugal 
rotor are in a liquid form, these liquid particles after they have been 
separated and been brought to coalesce to a continuous liquid phase on 
surfaces in the separation chamber may be allowed to run into said 
drainage chamber and from there further out through the liquid outlet of 
the latter. Apart from a first liquid inlet for liquid of this kind the drainage 
chamber may have a second liquid inlet for liquid that has gradually 
deposited on the inside of an outlet conduit, which is connected with the 
aforementioned gas outlet for clean gas. Liquid of this kind, even if an 
insignificant volume of such liquid is formed per unit of time, should be 
prevented from accumulating to a larger volume in the flow path of 
cleaned gas. If said outlet conduit for cleaned gas is directed upwardly or 
obliquely upwardly from the gas outlet of the separation chamber, drops 
of liquid formed on the inside of the outlet conduit may be brought to run 
to said second liquid inlet and into the drainage chamber. 



Obtainment of the objective to avoid transfer of liquid from the drive 
chamber to the separation chamber is facilitated if the gas pressure 
prevailing in the separation chamber is higher than the gas pressure 
prevailing in the drive chamber This can be accomplished by means of 
the centrifugal rotor in the separation chamber. In the most simple way it 
is accomplished by bringing the gas inlet of the separation chamber for 
gas to be cleaned to communicate directly with a central part of the 
interior of the centrifugal rotor and by bringing gas having been cleaned 
by the rotation of the centrifugal rotor flowing out of the centrifugal rotor to 
30 the separation chamber at a distance from the rotational axis of the 



WO 2004/091799 

PCT/SE2004/000401 



10 



15 



20 



25 



30 



centrifugal rotor, which Is larger than the distance between said rotational 
axis and the inlet of the centrifugal rotor for uncleaned gas. 

Upon use of a centrifugal rotor of this kind in an apparatus constructed in 
accordance with the invention it is possible to accomplish a gas pressure 
in said drainage chamber, which during the operation of the apparatus is 
maintained at a value between the values of the gas pressures in the 
separation chamber and the drive chamber, respectively. This requires 
that all the connections between the drainage chamber and the separa- 
tion chamber and the drive chamber, respectively, are throttled to a 
degree such that no pressure equalization occurs between the three 
chambers during the operation of the apparatus. Such an. arrangement 
effectively prevents a gas- and/or liquid flow in an undesired direction 
between these three different chambers. 

The invention is described in the following with reference to the 
accompanying drawing, which shows an apparatus intended for freeing 
crankcase gas from particles of oil and possible solids. 

The apparatus in the drawing has a housing 1 provided with an inlet 2 at 
the top for incoming gas to be cleaned and an outlet 3 on one of its sides 
for gas having been cleaned. The outlet 3, as shown, may be connected 
to an outlet conduit extending upwards or obliquely upwards outside the 
housing 1 . within the housing 1 a separation chamber 4 is delimited, 
and in this chamber a centrifugal rotor 5 is arranged to rotate about a 
vertical rotational axis R. 

The centrifugal rotor 5 has a central, vertical, hollow shaft 6, which at its 
upper end is journalled by a ball bearing 7 in a cap 8, which is supported 
by the upper part of the housing 1. Several through going holes 9 in the 
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cap 8 connect the inlet 2 of the housing with a central part of the 
centrifugal rotor interior. At its lower end the shaft 6 is journalled by 
means of a ball bearing 1 0 in a lower partition 1 1 , which is connected with 
the housing 1. An upper partition 12 situated between the lower partition . 
5 1 1 and the centrifugal rotor 5 is also connected with the housing 1 and 
forms together with the lower partition 1 1 a bottom in the separation 
chamber 4. 

The centrifugal rotor 5 also comprises a stack of frusto-conical separation 
1 0 discs 1 3 supported by the shaft 6. The stack of separation discs 1 3 is 
arranged axially between an upper end disc 14 and a lower end disc 1 5. 
Between the separation discs there are spacing members of a 
conventional kind for the formation of flow paths between adjacent 
separation discs for the gas to be cleaned. As can be seen in the 
drawing, each separation disc 13 has a central plane portion having a 
hole for the shaft 6 and several further holes distributed around the shaft 
6. The further holes in the separation disc 13 and the interspaces 
between the central, plane portions of the separation discs 13 form 
together a central inlet chamber 16 in the centrifugal rotor, which 
communicates through the holes 9 in the cap 8 with the housing inlet 2 for 
gas to be cleaned and also communicates through the flow paths 
between the separation discs 13 with the part of the separation chamber 
4 surrounding the centrifugal rotor 5. This part of the separation chamber 
communicates in turn with the housing outlet 3 for gas having been 
25 cleaned. 

The housing 1 rests on a base 17 surrounding a driving device 18 for the 
centrifugal rotor 5. As can be seen in the drawing, the base 17 and the 
aforementioned lower partition 1 1 delimit a drive chamber 19. The 
30 centrifugal rotor shaft 6, extending from above downwardly through the 



20 



WO 2004/091799 PCT/SE2004/000401 



whole of the housing 1 and through both of the partitions 1 1 and 1 2 down 
into the drive chamber 19, supports in the latter a turbine wheel 20. A 
pipe or nozzle 21 extends through a surrounding wall of the base 17 into 
the drive chamber 19 and is arranged to direct a jet of liquid against the 
5 turbine wheel 20 for rotation thereof and thereby the centrifugal rotor 5. 
An outlet channel 22 leads from the drive chamber 19 and is intended for 
conducting a way liquid having been used for the driving of the centrifugal 
rotor 5. 

10 The afore mentioned partitions 1 1 and 12 delimit between themselves a 
space 23, which extends about the centrifugal rotor shaft 6 and which in 
the following will be named "drainage chamber". The main object of this 
drainage chamber 23 is to prevent driving liquid in the drive chamber 19 
from being unintentionally pressed upwardly to the separation chamber 4. 

1 5 The drainage chamber 23 is also used to receive, and to forward to an 
outlet, liquid having been separated in the separation chamber 4 from gas 
supplied thereto. It is also used for a further object, which shall be 
explained later. 

20 For receiving liquid separated from the gas in the separation chamber 4 
the upper partition 12 forms an annular groove 24 that extends around 
the lower part of the surrounding wall of the housing 1 . At least one outlet 
25 at the bottom of the groove leads to the drainage chamber 23. Around 
the groove 24, between this and the surrounding wall of the housing 1 , an 

25 annular space 26 is delimited, communicating with the outlet 3 of the 
housing 1 for cleaned gas. From this space 26 at least one further outlet 
27 leads to the drainage chamber 23. 

The centrifugal rotor shaft 6 has an axially through going channel 28 that 
30 can conduct a mist of liquid from the drive chamber 1 9 to a small 
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chamber 29 delimited within the cap 8 above the shaft 6. Mist of this kind 
is used for lubrication of the upper bearing 7. For limiting the amount of 
mist that may flow to the bearing 7 the shaft 6 supports at its upper part a 
disc or the like, forming a throttle of the channel 28. Mist having entered 

5 the chamber 29 flows further through the bearing 7 into the centrifugal 
rotor and is mixed therein with entering gas to be cleaned. 

The lower bearing 10 is of a kind having on its upper side an annular 
cover dish 30 arranged to bridge the distance between the outer non- 
10 rotatable bearing ring and the inner rotatable bearing ring of the bearing. 
The cover dish 30 prevents a free flow of liquid mist from the drive 
chamber 19 into the drainage chamber 23 but cannot completely prevent 
such a flow, particularly after sometime of wear. 

15 The drainage chamber 23 has at least one liquid outlet 3 1 , which opens 
into a channel 32 formed in the base 17. The channel 32 in turn opens 
into the outlet channel 22 in the base 17, which conducts liquid out of the 
drive chamber 19. 

20 The cleaning device shown in the drawing operates in the following way 
in connection with cleaning of crankcase gas coming from an internal 
combustion engine, the crankcase of which (not shown) is connected to 
the inlet of the apparatus at the upper part of the housing 1 . A branch 
conduit from the circuit for pressurized lubricant oil of the combustion 

25 engine is connected to the nozzle 21 , and the outlet channel 22 is 

connected to a return conduit for returning lubricating oil from the drive 
chamber 1 9 to said crankcase. 

When lubricating oil is sprayed at a high pressure through the nozzle 21 
30 against the turbine wheel 20, so that this is caused to rotate about the 
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rotational axis R, an oil mist is generated in the drive chamber 19 and oil 
splashes in all directions therein. Upon the resulting rotation of the 
centrifugal rotor 5 gas therein is caused to rotate, thereby being pumped 
outwardly through the flow paths between the separation discs 13. 
Thereby a partial vacuum will come up in the central inlet chamber 16 of 
the centrifugal rotor, whereby crankcase gas is sucked in to the rotor and 
is forced to flow through the centrifugal rotor under rotation. The 
crankcase gas contains suspended particles in the form of oil and soot 
particles, and in the flow paths'between the separations discs 13 these 
particles are separated from the gas by action of the centrifugal force. 
While the crankcase gas is pumped out into the separation chamber 4 
around the centrifugal rotor and further out through the gas outlet 3 of the 
housing, the particles deposit on the upwardly facing sides of the 
separation discs 13, on which they move further (slide or run) radially 
outwardly and are finally thrown away from the separation discs towards 
the surrounding wall of the housing 1. Separated oil (with particles 
suspended therein) runs along said surrounding wall down into the 
groove 24 and further through the outlet 25 therefrom into the drainage 
chamber 23. From the drainage chamber 23 the oil runs further out 
through the outlet 31 to the channel 32 and from there further to the 
channel 22 and eventually back to the crankcase of the combustion 
engine. 

After some time of operation it may happen, if the cleaned crankcase gas 
leaving the housing 1 through the outlet 3 has not been 1 00% free of oil 
mist, that some drop of oil now and then runs back from the outlet conduit 
into the lower part of the separation chamber 4. Such oil enters the 
annular space 26, from where its runs further through the outlet 27 into 
the drainage chamber 23 and from there further out thereof through the 
outlet 31 . The outlet 27 from the space 26 can also be regarded as a 
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throttle inlet to the drainage chamber 23, and an inlet of this kind may 
alternatively be situated so that oil may run directly from said outlet 
conduit to the drainage chamber without passing through the lower part of 
the separation chamber 4. 

5 

.Oil that is sprayed in the drive chamber i 9 against the turbine wheel 20 
and splashes towards the bearing 10 may partly pass through the bearing 
and up into the drainage chamber 23. Here oil of this kind runs by itself 
to the outlet 31 and is returned therethrough and through the channels 32 
1 0 and 22 to the crankcase of the combustion engine. 

As mentioned previously, the centrifugal "rotor 5 accomplishes that gas is 
pumped radially outwardly from the central inlet chamber 16 to the 
surrounding part of the separation chamber 4. By this a certain over^ 
pressure is generated in the separation chamber 4 around the centrifugal 
rotor. This overpressure normally exceeds the gas pressure prevailing in 
the drive chamber 19. By suitable throttling of the outlets 25, 27 and 31 
for oil it is possible during the operation of the apparatus to accomplish a 
gas pressure in the drainage chamber, which lies between the gas 
pressure in the separation chamber 4 and the gas pressure in the drive 
chamber 19. A pressure difference of this kind between the various 
chambers is advantageous, since it counteracts an undesired flow of 
liquid or liquid mist from the drive chamber 19 to the drainage chamber 
23 and /or from the drainage chamber 23 to the separation chamber 4. 
25 Hereby, it can be avoided in the safest possible way that cleaned gas, 
which is to leave the separation chamber through the outlet 3, is 
contaminated by liquid used for driving of the centrifugal rotor. 

As can be seen in the drawing, the annular groove 24 is situated so that 
30 possible oil drops leaving the separation discs 1 3 at a very slow rotation 
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of the centrifugal rotor fall down into the groove 24 instead of falling on 
the bottom of the separation chamber 4, from where they would otherwise 
more easily be entrained by cleaned gas out through the outlet 3. In 
order to make it even more difficult for liquid to move from the drainage 
chamber 23 up into the separation chamber 4 the upper partition 12 on its 
upper side carries around the shaft 6 a cylindrical sleeve. If desired, a lip 
gasket or the like may be arranged between the upper partition 12 and 
the part of the centrifugal rotor 5 extending through this partition. 



The invention has been described above in connection with a centrifugal 
rotor, the driving device of which comprises a so-called impulse turbine. 
However, the invention can be used irrespective of which driving device 
that is used for driving of the centrifugal rotor and that generates liquid 
splashing and a liquid mist in the drive chamber. For instance, the drive 
shaft of the centrifugal rotor may alternatively support for its rotation a 
reaction turbine that is arranged to be charged (e.g. through the drive 
shaft) with a pressurized driving liquid, which is caused to leave the 
reaction turbine through at least one nozzle that is situated at a distance 
.from the rotational axis of the centrifugal rotor and is directed tangentially 
20 in the relation thereto. 



